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ABSTRACT 

The SPARK3D and SPARK3D-PNS computer programs have been developed to model 
3-D supersonic, chemically reacting flow-fields. The SPARK3D code is a full Navier-Stokes 
solver, and is suitable for use in scramjet combustors and other regions where recirculation 
may be present. The SPARK3D-PNS is a parabolized Navier-Stokes solver and provides 
an efficient means of calculating steady-state combustor far-fields and nozzles. Each code 

has a generalized chemistry package, making modeling of any chemically reacting flow 
possible. 

Research activities by the Langley group range from addressing fundamental theoretical 
issues to simulating problems of practical importance. Algorithmic development includes 
work on higher order and upwind spatial difference schemes. Direct numerical simulations 
employ these algorithms to address the fundamental issues of flow stability and transition, 
and the chemical reaction of supersonic mixing layers and jets. It is believed that this 
work will lend greater insight into phenomenological model development for simulating 
supersonic chemically reacting flows in practical combustors. Currently, the SPARK3D and 
SPARK3D-PNS codes are used to study problems of engineering interest, including various 
injector designs and 3-D combustor-nozzle configurations. Examples, which demonstrate 
the capabilities of each code are presented. 
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SPARK 3-D 




GENERALIZED CHEMISTRY ROUTINE 
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ITE RATE CHEMISTRY (NS=9, NR=18) 



NUMERICAL METHODS 
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CORNER FLOW 
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REARWARD STEP 
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7.0 cm, H = 1 .8 cm, W = 2.9 cm 
0.7 cm, L 0 = 1 .2 cm, S = 0.3 cm 



SPARK3D 

REARWARD STEP COMPARISON 

Mach = 2.05 
101 x 41 x 25 GRID 

Qr = 0.39 

JET PENETRATION IN X-Z PLANE AT Y = Yi. 


o Experimental data at approximately 1 percent. 
— Computed mass percent contours. 



JET SPREAD IN X-Y PLANE AT Z = D 





EXPERIMENTAL COMPARISON 

Jet Penetration 


61 x 41 x 25 GRID 
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EXPERIMENTAL COMPARISON 

Jet Penetration 


61 x 41 x 25 GRID 
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REARWARD STEP COMPARISON 

Jet Spread 
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SPARK3D-PNS 
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INTEGRATION SCHEME BASED ON 2ND ORDER 
MACCORMACK ALGORITHM 
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BURROWS KURKOV 
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. Total temperature comparison. 2. H 2 O mole fraction comparison. 



MIXING ENHANCEMENT STUDIES 
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CONCLUSIONS 
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DIRECTIONS 
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PRODUCTION CODE SUPPORT 




